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Seasonal variation in nitrogen fixation of blue-green algae associated with Avicennia marina (Forssk.) Vierh. 
pneumatophores and wet and dry surface sediments were investigated in the Beachwood Mangrove Nature 
Reserve by means of the acetylene reduction technique. The blue-green algae identified were all non-hetero-
cystous and have been reported to fix nitrogen. The dominant blue-green algae were Lyngbya confervoides 
C.Ag. ex Gomont, Oscillatoria limosa Ag. ex Gomont and Microcoleus chthonoplastes Thuret ex Gomont in 
the pneumatophore, wet and dry surface habitats, respectively. A marked seasonal variation in ARA 
(acetylene reduction activity) was apparent, with summer maxima being recorded. This coincided with 
maximum nitrogen-fixing blue-green algal numbers, temperature, light intensity and day length. Seasonal 
variations in organic carbon, inorganic nitrogen, salinity, percentage moisture and bacterial numbers are 
discussed. It was estimated that nitrogen fixation by blue-green algal communities supplies 24.3% of the 
annual nitrogen requirements of the mangrove swamp. 
Seisoenvariasie in stikstofbinding van blougroen alge geassosieer met pneumatofore van Avicennia marina 
(Forssk.) Vierh. en nat en droa oppervlaksedimente is in die Beachwood Mangliet-natuurreservaat deur 
middel van die asetileenreduksietegniek ondersoek. Die blougroen alge wat ge·identifiseer is, was almal nie-
heterosisties en is aangeteken as stikstofbindend. Die dominante blougroen alge was Lyngbya confervoides 
C.Ag. ex Gomont, Oscillatoria limosa Ag. ex Gomont en Microcoleus chthonoplastesThuret ex Gomont in die 
pneumatofore, nat en droa oppervlakhabitats, onderskeidelik. 'n Merkbare seisoenvariasie in ARA (asetileen-
reduksieaktiwiteit) was duidelik, met maksimums in die somer aangeteken. Dit het ooreengekom met 'n 
maksimum aantal stikstofbindende blou-groen alge, asook maksimum temperatuur, ligintensiteit en dag-
lengte. Seisoensvariasies in organiese koolstof, anorganiese stikstof, soutgehalte, persentasie vog en aantal 
bakteriea word bespreek. Na raming voorsien stikstofbinding deur blougroenalg-gemeenskappe in 24.3% van 
die jaarlikse stikstofbehoeftes van die manglietmoeras. 
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Introduction 
Studies on seasonal variation in estuarine nitrogen fixation 
have mostly been conducted in cooler northern hemisphere 
climates, where distinctive seasonal patterns of nitrogen 
fixation are evident (Jones 1974; Dicker & Smith 1980a; 
Casselman et al. 1981). Nitrogen fixation in mangrove 
swamps has been reviewed by Potts (1984). However, 
seasonal variation of nitrogen fixation in mangrove swamps 
has received little attention, the only known study being one 
conducted in New Zealand, where maximum rates were 
reported in summer (Hicks & Silvester 1985). 
Temperature has been claimed to be responsible for 
seasonal trends, especially in colder climates where winter 
temperatures are inhibitory to nitrogen fixation. Few other 
factors have been considered to play a role, but the 
possibility that the observed seasonal patterns result from 
changing diazotrophic populations has been considered by 
some researchers (Dicker & Smith 1980a; Talbot 1982). 
The effect of environmental conditions on acetylene 
reduction activity (ARA) of blue-green algal communities in 
the Beachwood Mangrove Nature Reserve has been studied 
(Mann & Steinke 1989) and these results will supplement 
the evaluation of seasonal trends in nitrogen fixation 
considered in the present study. 
The objectives were: (a) to determine seasonal variation 
in nitrogen fixation and simultaneously monitor physical 
and chemical parameters which may influence nitrogen 
fixation; (b) to identify the organisms responsible for 
nitrogen fixation in the selected sites and to monitor 
seasonal changes in diazotrophic populations (blue-green 
algal and bacterial); and (c) to estimate the annual 
contribution of blue-green algal communities to the nitrogen 
budget of the Beachwood Mangrove Nature Reserve. 
Materials and Methods 
The study area 
The study was conducted in the Beachwood Mangrove 
Nature Reserve, as described by Mann and Steinke (1989). 
Three sites conspicuously inhabited by blue-green algae 
were studied: (a) epiphytes on intertidal Avicennia marina 
(Forssk.) Vierh. pneumatophores (pneumatophore habitat) in 
the Beachwood Creek; (b) algal mats on the wet mud sur-
face below A. marina stands (wet-mat habitat); and (c) algal 
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mats associated with exposed mud surfaces on the periphery 
of the mangrove swamp (dry-mat habitat). 
Sample collection 
Samples were collected from the main sampling area of 
each site as described by Mann and Steinke (1989). Ten 
replicate samples were collected at each sampling date. The 
study was conducted over a year starting in October 1985. 
Sampling was carried out two days after new moon (corre-
sponding to peak spring tides) every two months, starting at 
a fixed hour (between 08:30 and 09:30) on 1985-10-16, 
1985-12-14, 1986-02-11, 1986-04-11, 1986-06-09 and 
1986-08-07. The start of the study coincided with the onset 
of the summer rainy season when 68.5% of the mean annual 
rainfall of 1031.5 mm falls between October and April. 
Sample preparation and incubation 
Pneumatophore segments were incubated in 15-cm3 serum 
bottles under submerged and exposed conditions in order to 
simulate conditions of high and low tides to which the 
pneumatophores are exposed on a daily basis. The submerg-
ed pneumatophore samples contained 2 ml water collected 
from near the mouth of the creek. The exposed pneumato-
phore samples contained no water. Samples from the wet-
and dry-mat areas were submerged by 2 ml of site water 
when the main sampling areas were flooded at the time of 
sampling, otherwise samples were incubated under exposed 
conditions. 
Samples were incubated in the shade near the site of col-
lection. The bottles containing the submerged pneumato-
phore segments were tied to pneumatophores in the creek in 
order to simulate submerged conditions. 
The acetylene reduction assay 
The acetylene reduction assay was conducted as described 
by Mann and Steinke (1989). After 24 h the reaction was 
terminated by removal of 2 cm3 gas from each sample. This 
was injected into a 2-cm3 serum bottle by displacement of 
water (Grobbelaar & Rosch 1981) and analysed in the 
laboratory within 1 h. Gas samples were removed from the 
2-cm3 serum bottles by displacement with water (Grobbelaar 
& Rosch 1981). 
Monitoring of physico-chemical factors 
In order to understand trends in ARA, environmental par-
ameters were monitored simultaneously to the ARA meas-
urements. 
(a) Salinity 
The saiinity of water from the creek and interstitial water 
from the wet- and dry-mat habitats was determined directly 
as %0 using a hand-held AO model 10419 refractometer. 
(b) Inorganic nitrogen 
Nitrite was determined using a modified Griess-Ilosavy 
method (Bremner 1965), nitrate using the phenoldisulphonic 
acid method (Bremner 1965) and ammonia using the 
phenolhypochlorite method (Sol6rzano 1969). 
The measurement of inorganic nitrogen was done on 
CaS04 extractions from the soil samples (Bremner 1965). 
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(c) Percentage moisture 
Percentage moisture of each sample was determined after 
drying to a constant mass at 80°C. 
(d) Organic carbon 
Total organic matter of dried soil samples for the wet- and 
dry-mat areas, and epiphytic algae and adhering sediment 
scraped off the pneumatophore segments, was determined 
after ashing at 450°C for 6 h. The organic-carbon content 
was estimated as 45% of the total organic matter (Nixon 
1980). 
(e) Light intensity 
Photosynthetically active radiation (quantum flux density) 
was measured in the shade at midday using a Licor Model 
LI-185A light meter. In the creek, light intensity was 
recorded with the probe held 2 cm below the water surface. 
(j) Temperature 
Temperature was measured in the shade at midday using a 
mercury thermometer. 
Identification and enumeration of nitrogen-fixing com-
munities 
(a) Blue-green algae 
Blue-green algae were identified with the aid of keys pre-
sented by Desikachary (1959) and enumerated by counting 
algae scraped off the surface of 4 pneumatophore segments 
and core samples, collected as described by Mann and 
Steinke (1989). Samples were made up to a volume of 5 ml 
and counted in triplicate on a slide covered with a square 
coverslip (484 mm2) along two belt transects for abundant 
species and the whole slide for infrequent species. 
(b) Bacteria 
Three sets of samples were collected from each experi-
mental sampling area (Mann & Steinke 1989) and serial 10-
fold dilutions were spread-plated onto agar plates. Three 
replications were made from each dilution. 
With the exception of the Azotobacter medium, the media 
were similar to those employed by Zuberer and Silver 
(1975) for culturing bacteria from a Florida mangrove 
swamp. A modified nitrogen-free mannitol broth as used by 
Harrigan and McCance (1966), was employed for Azoto-
bacter. The salinity of all media was adjusted to 25%0 by 
adding NaCl. Diazotrophic and Azotobacter media were 
made up with Difco bacto-agar and the heterotrophic 
medium with tryptone soy agar. 
The pH of all media was adjusted to 7.8. Samples were 
incubaied under aerobic conditions ai 25"C (Zuberer & 
Silver 1975). Heterotrophs and diazotrophs were also 
incubated under anaerobic conditions. Bacterial populations 
were enumerated by standard plate counts (Collins & Lyne 
1984) after 48 h for Azotobacter and diazotrophic bacteria 
and 24 h for heterotrophic bacteria. 
Contribution of blue-green algal communities to the 
annual nitrogen budget 
The total nitrogen fixed annually in each study site was 
calculated from measured rates of ARA, and from this a 
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possible annual rate was determined. A conversion factor of 
4: 1 was applied to convert rates of ARA to amounts of 
nitrogen fixed (Jensen & Cox 1983) and rates were ex-
pressed as grams nitrogen per square metre per year. 
In this study, rates of ARA of the epiphytic pneumato-
phore organisms were expressed per unit surface area of 
pneumatophore. In order to express rates per unit surface 
area of ground sediment, pneumatophores were collected 
from 10 random 200 X 200 mm quadrats in the study area, 
the total surface area of pneumatophores was calculated for 
each quadrat and converted to square metres pneumato-
phores per square metre ground area. Annual rates of nitro-
gen fixed per square metre of pneumatophores were then 
multiplied by this value. 
The total surface area of the three study sites examined in 
this project was calculated from aerial photographs and 
vegetation maps (Raiman 1986). 
The contribution of nitrogen-fixing organisms to the 
annual nitrogen budget in the three study sites was then 
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Figure 1 Pneumatophore habitat: seasonal variation 
(A) salinity, organic carbon; (B) inorganic nitrogen; (C) 
intensity, day length; and (D) acetylene reduction activity 
temperature. The vertical bars represent one standard error. 
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calculated as annual amount of nitrogen fixed per square 
metre times total surface area of each site. 
Results 
ARA and physico-chemical parameters 
Seasonal variation in ARA and physico-chemical factors for 
the pneumatophore, wet-mat and dry-mat habitats are repre-
sented in Figures 1 - 3. A marked seasonal trend in ARA 
was apparent at all sites, with highest rates being measured 
in the summer months of December and February. Rates 
decreased significantly for the rest of the year (P < 0.05), 
especially in association with the pneumatophores, where 
little or no ARA was recorded in the winter months of June 
and August. At all sampling periods, the pneumatophore 
habitat achieved significantly higher rates of ARA under 
submerged conditions in comparison to exposed conditions 
(P < 0.01). 
Recorded midday temperatures and light intensities at the 
incubation sites revealed expected seasonal trends, with 
summer maxima and winter minima. Day length recorded 
by Louis Botha weather station revealed similar trends. 
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Figure 2 Wet-mat habitat: seasonal variation in: (A) percentage 
moisture, salinity, organic carbon; (B) inorganic nitrogen; 
(C) light intensity, day length; and (D) acetylene reduction activity 
and temperature. The vertical bars represent one standard error. 
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Figure 3 Dry-mat habitat: seasonal variation in: (A) percentage 
moisture, salinity, organic carbon; (B) inorganic nitrogen; 
(C) light intensity, day length; and (D) acetylene reduction activity 
and temperature. The vertical bars represent one standard error. 
In the wet- and dry-mat habitats, inorganic nitrogen, of 
which ammonia was the most abundant form, showed no 
clear seasonal trends. Low nitrite levels were generally 
recorded at all three sites. In the pneumatophore habitat., 
levels of nitrate and ammonia were variable and low levels 
were recorded in the summer. Levels were highest during 
autumn (April) and winter months in this habitat. A steady 
decrease in organic carbon from initial high levels in 
October to low levels in August occurred in the pneumato-
ph ore habitat, whilst in the wet- and dry-mat habitats, levels 
were lowest in summer and winter, respectively. Percentage 
moisture appeared to show no seasonal trends, whilst salin-
ity was slightly higher in summer months. 
Enumeration of nitrogen-fixing communities 
Blue-green algal and bacterial counts of the three habitats 
are represented in Figures 4 - 6. The most abundant blue-
green alga on the pneumatophores was Lyngbya con/er-
voides C.Ag. ex Gomont and numbers were slightly higher 
in the summer months. Oscillatoria okeni Ag. ex Gomont, 
O. limosa Ag. ex Gomont and Microcoleus chthonoplastes 
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Figure 4 Pneumatophore habitat: seasonal variation 
(A) blue-green algal numbers; and (B) bacterial numbers. 
m: 
10 ,-------------------------------------------~ 
'" E 
u 
:;; 
..0 
E 
:> 
c: 
0; 
u 
c> 4 
.'3 
,- M. chlhonoplaSles L. confervoides 
o O. proboscidea 
10r-------------------------------------~ 
9 
'" E 
u Q; 8 
..0 § 
c: 
§ 7 
"8 
c> 
.'3 
D Aerobic diazotrophs ~ Anaerobic diazotrophs ~ ~r spp. 
ESSl ,A..e.r~~~,~~_~~i)t[9:ptt~ .... ~ .. ~~~~~.~~~~~trophs 
October _December February April June August 
Months 
Figure 5 Wet-mat habitat: seasonal variation in: (A) blue-green 
algal numbers; and (B) bacterial numbers. 
Thuret ex Gomont were also recorded, but were present in 
low numbers throughout the study period. O. schultzii 
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Figure 6 Dry-mat habitat: seasonal variation in: (A) blue-green 
algal numbers; and (B) bacterial numbers. 
Lemm. was recorded only once, in June, when significant 
numbers were recorded. 
The dominant alga in the wet-mat habitat was O. limosa. 
Numbers of this alga were highest in the summer months. 
Lower numbers of O. okeni, M. chthonoplastes, L. confer-
voides and O. proboscidea Gomont were mostly recorded. 
M. chthonoplastes was dominant in the dry-mat habitat 
and maintained a high population throughout the year, with 
a maximum number being recorded in the summer months. 
L. confervoides was also present but in smaller numbers and 
exhibited similar seasonal trends to M. chthonoplastes. 
Bacterial counts were generally highest in summer. 
Exceptionally high numbers of all groups enumerated on the 
pneumatophores occurred in August but, as explained later, 
this was not due to seasonal environmental conditions. 
Numbers of aerobic diazotrophs were higher than anaerobic 
diazotrophs during all sampling periods. Aerobic hetero-
trophs were generally greater in number than anaerobic 
heterotrophs. 
Contribution of blue-green algal communities to the 
annual nitrogen budget 
The annual rates of nitrogen fixation, the total area of each 
site and the contribution of each site to the nitrogen budget 
of the Mgeni Estuary mangrove swamp are given in Table 1. 
Blue-green algal communities in the dry-mat area fixed 
the most nitrogen whilst the total nitrogen fixed by all 3 
study sites was estimated to be almost 100 kg N yr-1 • 
Discussion 
A general non-heterocystous blue-green algal community, 
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including species of Oscillatoria, Phormidiwn, Lyngbya and 
Microcoleus, is found in many salt marshes and is also 
widespread in mangrove swamps around the world 
(Chapman 1977). Heterocystous blue-green algae are also 
common in such habitats world-wide, but in the Beachwood 
Mangrove Nature Reserve heterocystous forms are rare. 
Scytonema hofmannii Ag. ex Born. et Flah. has been 
recorded only once in this area (Lambert et al. 1989). In this 
study, only non-heterocystous species were identified from 
the various study habitats. 
Large numbers of L. confervoides occurred on the 
pneumatophores and in the dry-mat habitats. This species is 
bounded by a mucilaginous sheath, preventing dehydration 
during exposure at low tide on the pneumatophores and 
during longer periods of exposure in the dry-mat habitat. In 
the latter area, it occurs in close association with M . 
chthonoplastes. This species has a very thick mucilaginous 
sheath, and has been recorded from mud surfaces at most 
tidal levels in British and Massachusetts salt marshes 
(Stewart & Pugh 1963; Carpenter et al. 1978) and mangrove 
swamps of Australia, the Sinai, the Aldabra Atoll and West 
Africa (Saenger et al. 1977; Aleem 1980; Potts & Whitton 
1980), showing its adaptations to dry conditions. The close 
association of these two algae has been reported as common 
in salt marshes by Humm and Wicks (1980) and in environ-
ments experiencing fluctuations in water supply (Lam et al. 
1979). 
The species of Oscillatoria recorded in this project all 
lack mucilaginous sheaths and are possibly less resistant to 
exposure and dehydration. This may explain the absence of 
this genus from the dry-mat habitat. Limited numbers were 
recorded on the pneumatophores where they occurred in 
close association with L. confervoides, which by virtue of its 
mucilaginous sheath may have aided moisture retention 
during exposure at low tide. O. limosa occurred abundantly 
in the wet-mat habitat, where a high moisture content is 
maintained at most times. This genus has been recorded 
from the constantly submerged lower pneumatophore region 
in the Sinai mangrove swamps (Dor 1984), on mangrove 
mud in the Sinai and West Africa (Dor et al. 1977; Aleem 
1980) and North American and New Zealand salt marshes 
(Bohlool & Wiebe 1978; Carpenter et al. 1978). 
Nitrogen-fixing activity by certain non-heterocystous 
blue-green algae has been reported from natural populations 
of M. chthonoplastes, Oscillatoria sp. and L. aestuarii in 
salt marshes and mangrove swamps (Carpenter et al. 1978; 
Potts 1979; Potts 1980) and Lyngbya sp. in the sublittoral 
zone (Jones 1990). Nitrogen fixation has been confirmed in 
Table 1 Contribution of blue-green algal communities 
to the annual nitrogen budget 
Pneumatophore Wet-mat Dry-mat 
study site study site study site 
Annual nitrogen fixation 
(g N m-2 yr-l) 0.27 3.35 2.36 
Total surface area (m2) 7 689.10 13 931.75 21 315.36 
Contribution to the nitrogen 
budget (g N yr-1) 2076.06 46 671.36 50304.25 
Total (g N yr-1) 99 051 .67 
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pure cultures of M. chthonoplastes (pearson et al. 1981), L. 
aestuarii (potts 1979), Lyngbya spp. (Kenyon et al. 1972) 
and Oscillatoria spp. (Stal & Krumbein 1985a,b). The 
dominant nitrogen fixers in each site were regarded as M. 
chthonoplastes in the dry-mat habitat, L. confervoides on the 
pneumatophores and O. limosa in the wet-mat habitat. 
Results showed a strong seasonality associated with ARA 
in blue-green algal communities of the mangrove swamp. 
The general pattern that emerged was one of low activity in 
winter, with peak rates of ARA occurring in summer. 
Seasonality of ARA seemed strongly related to optimum 
temperatures with light intensities and day length obviously 
also having an influence. Maximum ARA coincided with 
higher temperatures and light intensities and longest day 
length. This pattern is in agreement with the findings of 
several other workers in salt marsh systems where peaks and 
troughs of ARA have been correlated with the seasons 
(Jones 1974; Dicker & Smith 1980a; Casselman et al. 
1981). Similar results were recorded by Hicks and Silvester . 
(1985) in sediment cores of a New Zealand mangrove 
swamp. Talbot (1982), working in the Swartkops Estuary, 
recorded high autumn values of ARA in the surface sedi-
ment. 
No discernible seasonal pattern in inorganic nitrogen 
levels were evident in the wet- and dry-mat habitats, sup-
porting findings of Dicker and Smith (1980a) in a salt 
marsh. Other research conducted in salt marshes revealed a 
general decrease in inorganic nitrogen levels during the 
growing season, suggesting a link between high summer 
levels of ARA and low levels of nitrogen (Casselman et al. 
1981; Talbot 1982). The high ammonia levels measured in 
the wet- and dry-mat habitats are typical of mangrove 
sediment (Stephens 1979, cited in Van der Valk & Attiwill 
1984). Day (1981) reported high ammonia levels from the 
Mgeni Estuary and regarded high inorganic nitrogen levels 
as indicative of pollution. Low nitrite levels have also been 
reported from other mangrove swamps (potts 1979). Levels 
of inorganic nitrogen recorded in this study appear to be 
limiting to ARA (Mann & Steinke 1989). Talbot (1982) 
recorded nitrate as generally the most abundant form of 
inorganic nitrogen in surface sediments of the Swartkops 
Estuary, but overall levels of inorganic nitrogen were much 
lower than levels recorded in this study. 
No seasonal trends in percentage moisture or organic 
carbon were observed, supporting the finding of Dicker and 
Smith (1980a). They also reported seasonal trends in salin-
ity, contrary to findings in this study. Talbot (1982) related 
low spring and summer values of ARA in the Swartkops 
Estuary to low availability of organic carbon in these 
seasons, causing a two- to three-month lag in ARA. 
A marked seasonal variation was apparent in blue-green 
algal numbers, with maxima being recorded in the summer 
months. This was particularly evident in the dominant blue-
green algal communities in each habitat. The observed 
seasonal variation in blue-green algal numbers may be 
temperature-related, as low minimum winter temperatures 
appear to be unfavourable to blue-green algal growth, as 
shown by Sage and Sullivan (1978). Moisture may also be 
important, as maximal blue-green algal numbers coincided 
with periods of highest monthly rainfall. 
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Peaks in blue-green algal numbers coincided with high 
rates of ARA in all habitats, supporting the findings of Lean 
et al. (1978) and Lindall and Wallstrom (1985). Low rates 
of ARA in April in the wet- and dry-mat habitats were 
possibly inhibited by high levels of inorganic nitrogen at the 
time of sampling. M. chthonoplastes in the dry-mat habitat 
exhibited only a minor decrease in cell numbers in the 
winter months when this species seemed least affected by 
lower temperatures and rainfall. Marked decreases in the 
numbers of dominant species from the wet-mat and pneuma-
tophore habitats, i.e. O. limosa and L. confervoides, 
respectively, occurred in the winter months. However, the 
ARA of these algae exhibited a significant decrease in 
winter due to unfavourable environmental conditions. 
Changes in bacterial populations did not coincide with 
seasonal changes in ARA. High numbers of bacteria record-
ed from the pneumatophores in August were possibly re-
lated to masses of decomposing Eichhornia crassipes 
(Mart.) Solms-Laub. clogging the channel at this time. 
Dicker & Smith (1980b) also showed no discernible patterns 
in any bacterial groups enumerated in a Delaware salt marsh 
(species of Azotobacter, Clostridium and Desulfovibrio) and 
indicated that seasonal patterns in ARA were not due to a 
change in numbers of organisms, but rather to a change in 
their activity. Talbot (1982) came to similar conclusions. 
Bacterial counts were generally markedly higher than 
those reported in the literature for mangrove swamps 
(Rodina 1964; Zuberer & Silver 1975, 1978) and salt 
marshes (patriquin & Knowles 1972; Dicker & Smith 
1980b). Most of these studies showed low rates of ARA 
prior to carbon amendment in comparison to rates reported 
in this study, giving a further indication that blue-green 
algae are important nitrogen fixers in surface sediments and 
on pneumatophores of the Beachwood Mangrove Nature 
Reserve. The presence of high numbers of diazotrophs does 
not necessarily imply that optimal ARA is taking place. 
Jensen (1981) reported high activity of nitrogen fixing 
bacteria only under conditions of an almost neutral pH, high 
moisture levels, low oxygen tensions, rich carbon supply 
and energy sources and low concentration of available 
nitrogen. 
The generally higher numbers of aerobic bacteria (diazo-
trophs and heterotrophs) were expected, as aerobic condi-
tions are likely to prevail in the surface sediments and 
pneumatophore surfaces under study. High numbers of 
Azotobacter spp. were found in the upper soil horizons from 
mangrove swamps of the Gulf of Tonkin (Rodina 1964). 
However, underlying sediments, consisting of black layers 
in the mangrove swamps (Rodina 1964), are characteristic-
ally anaerobic, providing an ideal environment for the 
development of anaerobic nitrogen fixers. 
The annual nitrogen budget for areas dominated by blue-
green algal mats has been calculated for only a few salt 
marshes. Estimates by Jones (1974) are high (between 31.57 
and 46.17 g N m-2 yr-l), whereas those of Carpenter et al. 
(1978) are comparable to results obtained in this study (2.2 
g N m-2 yr-1). Similarly, nitrogen fixation by intertidal blue-
green algal mats contributed 4.6 g N m-2 yr-1 (Gotto et al. 
1981), which is only slightly higher than results obtained in 
the wet- and dry-mat areas in this study. 
Zuberer and Silver (1978) calculated that sediment-
S.AfrJ.Bot.,1993,59(1) 
associated nitrogen fixation contributed 2.8 g N m-2 yr-1 to 
the nitrogen budget of the mangroves (30% of the requisite 
nitrogen). They estimated that root-associated activity could 
supply substantially more. It was assumed by them that 9.49 
g N m-2 yr-1 was required for plant growth. As no informa-
tion is available on nitrogen requirements of the Beachwood 
mangrove organisms, this figure was also used here. It was 
thus calculated that blue-green algal populations provide 
24.3% of the annual nitrogen requirements in the three study 
areas. This is a considerable amount, considering the sub-
surface sediment, root-associated activity and increase in 
nitrogen due to decomposition have not been taken into 
account. It would appear that nitrogen fixation by blue-green 
algal communities contributes significantly to the nitrogen 
budget of the Beachwood mangroves. The contribution by 
other sources of nitrogen fixation is in need of determina-
tion. 
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